It is a surprising fact that in spite of the intensive work on anaemia of the past ten to fifteen years, we still have no generally accepted standards of the limits of normal haemoglobin levels in adults, let alone in children.
pregnant women groupedbyProfesionaoelevl Laorong and avrtan e ofclass hsewtha income of 25/-to 40/-perhea25 childen. 1ayenchflren.,t naeaeo 7%frtoewt andc et alia ofanimalprotein. Ross and Summerfeldt(193) couadi oa and fralltemoglobin levels ofn pregnant women grouped by income level, from an average of 90% for those with an income of 25/ -to 40 / -per head after payment of rent, to an average of 76 % for those with under 6/-c a difference of 14% in haemoglobin. The first group had an average daily intake in round figures of 15 mg. of iron and 55 g. of animal protein, and the last 9 mg. of iron and 28 g. of animal protein. Ross and Summerfeldt (1936) found a similar drop in the haemoglobin level of school children, aged 10 to 14 years; the mean h-emoglobin value of their professional-class children was 94%, of their working-class 'children 87%, and of children in an orphanage 75% (converted to the Haldane scale). The haemoglobin level of the children in the orphanage was raised by 20% by giving iron together with other dietetic treatment, hence their anzemia was nutritional in origin. There are few figures available for the comparison of hoemoglobin levels of babies and young. children of different economic class. Spe-nce in Newcastle-on-Tyne (1934) (Graph 2) DEc.-Dis. IN CHILD. 1 examined in 1933 a small group of professional-class children, aged 1 to 5 years, and a larger group of working-class children, and found that only 16% of the former as against 80% of the latter had a haemoglobin level below 75% on the Sahli-Leitz scale (or 81 % on the Haldane scale).
Anaemia in babies is, I think, undoubtedly in part the result of anaemia in their mothers during pregnancy. Evidence of this is difficult to provide, but Strauss (1933) pregnancy (average haemoglobin 39%,) had at 12 months old an average value of only 50%
(converted to the Haldane scale). Other severely anaemic mothers were treated by Strauss during pregnancy, and their mean htmoglobin was raised from 40 to 72% before term. Their babies at 12 months old had a mean h.emoglobin level of 77%, a figure which is very similar to that of infants whose mothers' hiemoglobin was considered normal. The hxmoglobin levrel of non-pregnant East End mothers whom we examined eight years ago (Mackay, 1935) averaged 13% below the supposedly normal figure, hence the subnormal hamoglobin of infants in the same district (MIackay, 1933) was presumably in part at least the result of nutritional aniemia in their mothers.
Influentce of moderate grades of anarmia on health.-Does a drop of say 10 to 15% in the mean hiamoglobin level result in any deterioration in general well-being? In the case of infants it can be answered definitely in the affirmative. Babies from working-class families treated with iron had by 12 months old a mean haemoglobin level 13% higher than controls (Graph 4, 1928-29 series) , and weighed about one pound heavier (Mackay and Goodfellow, 1931) . They had a morbidity rate about half that of controls. This difference in health is, I think, established beyond doubt. The work was repeated with a second series of children, and the reduction in morbidity rate was remarkably constant over a period of years (Graph 5). No similar evidence, so farn as I ow isyavai?able for older children and adults, though the low resistance of severely anaemic patients is well known, and by analogy I would suppose that a drop of say 13% in the average value for adults would defintely reduce stamina. Certainly the difference in energy and well-being noted by the woman whose hamoglobin is raised from 75% to 95% is striking.
Fallacies in hlmoglobin estimations from ear pricks in young children-There is one point whichn o infants and young children it is impossible to obtain reliable results from a prick in the lobe of the ear, and blood from the ear of a baby may give a result 30% and more higher than blood from the heel (Graph 6) (Drucker, 1923I.
Standards of comparison.--Nearly all pre-war figures for averagehaiemoglobin levels for children in this country are based on examination of children of working-class families, and several of these series are shown in our graphs (Graphs 7 and 9). The only British investigators who have published average figures for all ages up to adult life are Davidson and his colleagues (1935) . Davidson's subjects were examined during the period of economic depression in Aberdeen in 1931-35, and belonged to the poorest economic class. Davidson's mean figures for women were actually 11 to 19% lower than Jenkins and Don's (1933), for, as they put it, "representative women" in England, and the latter approximated to the mean for supposedly healthy women in other countries, as well as to Price-Jones' figure for nurses and women students at University College Hospital in 1931. Wills, Dobbs and Bingham, 1942; Wills, Mackay, Bingham and Dobbs, 1942) . The groups we examined supplied us with interesting information, but they did not represent a crosssection of the community. The children were nearly all working-class with some lower middle class. Graph 7 shows, for comparison with our present series of children aged 6 months to 5 years, the haemoglobin curves of various groups of working-class children who received no prophylactic treatment and who were examined by different inivestigators in different parts of Britain between 1926 and 1937 (Davidson et al., 1935; Fullerton,, 1937; Colver, 1938; Hutchison, 1938) . All these curves show a remarkable measure of agreement, and our war-time curve corresponds closely with the rest. Thus the war-time babies tinder 12 months of age have mean h.aemoglobin levels similar to the control group shown in Graph 4, that is the group whose morbidity rate was double that of iron-treated babies. In our present series the incidence of severe anoemia was higher in the age-group 6 months to 2 years than at any subsequent age, and was much higher in the children we examined in day and residential nurseries than in those attending welfare centres (Graph 8), for example among the welfare children 12% had less than 70% haemoglobin, and in the nursery group 34% wvere below this level, and 9I/2% of the children had less than 6Q% haemoglobin. If our figures are representative, they merit the serious consideration of those setting up war-time nurseries.
Haemoglobobilevels
It is probable that in war-time, the mean haemoglobin level of school children varies from time to time and group to group according to the food available. Ninety school children aged 5 to 13 years whom we examined last winter had a mean haemoglobin level of 80%, which is about 10% lower than the poor Aberdeen children of a similar age in Davidson's series (Graph 9). A series we have since had under observation had a mean level of about 85%, and treatment with iron or the provision of school dinners each caused a significant rise in hoemoglobin level, though the rate of improvement was slow (Graph 10). A small group receiving both iron and school dinners had a mean level of 92% at the end of fast summer term, and possibly their haemoglobin level would have risen still higher had treatment been continued. We are now analysing data from school children of rather higher economic status in a London suburb, and here there does not appear to be a difference between the hoemoglobin levels of children having school dinners and controls. They were examined in autumn. Possibly other speakers can tell us whether there is a seasonal rise in hoemoglobin in the summer. There is a striking similarity between our war-time figures for mean haemoglobin levels of children in or near London and Davidson's war- Hwomegnobin leveals of% women examinevd in' wigr-ie.-Thr groupsof adultoo womeing examsine wberdeeprfsionaand-35 mridlesclass representedbya wome medica wstnudentsonalnd ofiinan fcory tin ar ob ilsekltrh small town, anooseiefi h East End ofLodo.therse groups mall hadhemoglobin levels sigynifiantylwr thanf siiarunthe pewrmasaofedisthric Jeninstyand Do fo rpeettv oe"i nln,o PieJnsfrnre n oe eia studets. he grup wth th higest hemogobin evel in or seies ws tht of he fctor wrEr wihamaZau f9% hs ihtelws eemdclsuet n nurses, woking in te countryand livin either i billets r in hosptal withot adequat canten faclitie; thir men hoeoglobn wa 84%.This igurefor rofesionalclas women wasactually % % lowe than Davdson's fiure for ullipara f the poo working class in Aberdeen in 1931-35. Dr. Wills hasevidence that the ana~mia was nutritional4i origin, and of thisDr. Dobbswill speak later. The small goup of East End mothers had mean h~emoglobn level very nar that of a smilar group inthe same distrct eight year ago, at a time when there was much poverty and unemployment, unemployment which has now vanished.
Conzclzusions.-It seems fair to conclude from the evidence available to us that in many classes of the community there has been a levelling down of haemoglobin levels. This appears to be due to the levelling down of nutrition since the war, and the omission of most of the prophylactic treatment previously given to babies. As against this, the poorest section of the community may well show some levelling up, as the result of the disappearance of unemployment, the introduction of rationing and the provision of " priorities " for certain groups, but on this point we have no evidence. The levelling down in haemoglobin values appears, however, to be operating widely, and extends to the county council school children in our series who belonged to working-class families, and probably to children of pre-school age of the same economic class. If the haemoglobin level of pregnant women nowadays is lower than before the war, this is likely to be reflected in a greater tendency to nutritional anaemia in their offspring.
Suggested prophylactic measures.-What then do we suggest should be done to tackle this problem of anaemia in women and children in war-time? Every effort should be made by means of priority schemes and by communal meals in schools and canteens, or other centres, to ensure the best diet possible under war-time conditions for pregnant or nursing mothers and for growing children, particular attention being given to the iron content of the diet. The work of Le Gros Clark (1942) emphasizes the need of educating the public in the importance of a fair division of the family rations to ensure that the mother and young children get their full share of meat. However, it will probably prove impossible by such means alone, and with meat in short supply, to prevent anemia, hence iron therapy and iron prophylaxis should be widely employed, though it should be remembered that iron deficiency is probably not the only factor operating. Efficient prophylactic measures for infants have already been demonstrated. They are the administration of iron, either in the form of a mixture or, better still, if the infant is artificially fed, incorporated in dried milk, not forgetting also the importance of weaning on to iron-'rich foods, including minced meat, at about 6 months. We are pleased to read that the Department of Health in Scotland has just issued a pamphlet in which they advise that an iron mixture should be given to babies whether breast or bottle-fed. The value of bread fortified with iron is at present under investigation as a possible means of tackling anaemia at ages past infancy. If we are not afraid of adding cod-liver oil or calcium to make good specific deficiencies, let us not fail to use iron salts also where health can thereby be improved, while trying at the same time to use our food supplies to the best advantage. More investigation is also much needed. Our investigation covers only a few sample groups, and the incidence of ancmia may well vary widely. We hope others will give us facts and figures which will allow us to form a clearer picture of what is happening, and perhaps throw light on the particular dietetic defects implicated.
POSTSCRIPT.-The National Physical Laboratory has recently defined a standard for the Haldane colour tube on the trichromatic scale (specification 1079/1942). The N.P.L. has examined the Haldane standard used by the present authors in their investigations, and reports the carboxyhaemoglobin concentration of this standard to be 1-048, taking the concentration of the new official standard on the trichromatic scale to be 1-000. In giving this figure the N.P.L. assume that the manufacturer has positioned the 20 and 100 marks correctly on the colour tube under test, but point out that this assumption may not be correct. However, assuming that there is no error in the positioning of the marks, all readings on the authors' standard require correction by + 4-8 per cent. to bring them into line with the official standard, thus a reading of 50% made with the authors' haenioglobinometer would be corrected to 52 4%. Whether or not this indicates any change in the colour of this tube during the past seven years is unknown. The tube was bought in 1935, and by a cross check was then found to tally with one of Price-Jones' standards of 1931. In 1941 it was checked by the oxygen capacity method and reported still correct within 1 %. Moreover the correction factor given by the N.P.L. for the colour tube used by the present authors and for that used by Professor Davidson in Edinburgh are, we understand, almost identical, hence the haemoglobin values for the London and Edinburgh investigations are comparable without further correction.-H. M. M. M.
Dr. Leonard Findlay: The blood as ani index of health-.As part of a survey of the development and health of the child I have, during the past decade, made systematic observations of the blood picture.
The observations have been carried out in children living under very different environmental conditions. Until the outbreak of war they were made on children of the East End of London. During the last eighteen months, however, the type of child observed has been that born and bred in the semi-rural conditions of a country town.
As a hospital -physician, I have not had access to a true cross-section of the total child population in either of these communities, and my material consists of the hospitalized and thus presumably the sick members only. However, as a goodly proportion of the children admitted to hospital were either only suspected of illness or suffering from some slight ailment, and since it is only the minority who have had their constitutions undermined by serious or chronic disease, I believe that a study of such individuals will give some measure of the physical development and health of the total populations of which they form a part. It can at least be said that the material forms the basis for a true contrast, a contrast between the hospital child in the city and the hospital child in the country.
In 1937 I published the results of a survey of the blood picture in a series of patients admitted to the Princess Elizabeth of York Hospital for Children during the two previous years. This investigation did not reveal the presence of any marked incidence of anaemia for, cxcepting during the first three months of life, the vast majority of the estimations of both haemoglobin and red blood corpuscles fell within the limits of normality as quoted by Hutchison (1909) and by Holt and McIntosh (1933) . At the time of their publication these findings were criticized on the ground that the blood had been obtained from the ear and thus abnormally high and fallacious readings had been obtained. Since there is no doubt that higher readings are frequently obtained in blood got by ear puncture than by finger or heel puncture, but chiefly to render my findings comparable with those of other workers, I collected a further series of observations on the same type of child in the years immediately preceding the outbreak of war. In these cases the blood was obtained from puncture of the finger or heel. The haemoglobin was as before estimated by Haldane's method, the standard being corrected periodically. All the blood examinations were carried out by one individual.
The results of this investigation also failed to reveal any serious incidence of anaemnia.
Again it was found that in the great majority of instances the values of both haemoglobin and red cells fell above the lower limit of normality. Indeed, so far as the very young infants are concerned, there was even less suggestion of anaemia, for the proportion of low readings was distinctly less in this group than had been found in the first series of children.
For comparison with these findings in the case of the.child of the East End of London, I have at the moment available complete observations on some 400 native children of Oxford and its environs, who have been admitted under my care to the Radcliffe Infirmary. For the blood examinations I am indebted to Dr. R. G. Macfarlane and his assistants, but it should be stated that in the majority of instances the estimations were carried out by the one individual. As in the previous series the blood was obtained from puncture of the finger or heel, the latter site being employed only in a few of the youngest infants, and the haemoglobin was determined by Haldane's method, the standard again being corrected periodically.
The most striking feature of the Oxford findings was the proportion of the estimations of both haemoglobin and red cells which fell below the minimum level of normality. This is in striking contrast to what was found a few years previously in the children of the East End of London, where the haemoglobin and red cell values were in 70 to 100 % of instances within normal limits for the various age-periods specified. In the Oxford Proceedings of the Royal Society of Medtcine 8 children only 34 to 73 % of the haemoglobin estimations were within normal limits, and in the case of the red cell estimations the percentage which fell within the limits of normality varied between 36 and 58 for the same age-periods. This finding, an apparentlv better state of health of the children in the East End of London than that of the child who is a native of Oxford and its environs, that is if the hxemoglobin and red cell values can be taken as an index, was most unexpected. One might at first think that the notorious differences between individual Haldane standards was responsible for these varied findings, but the parallel behaviour of the red cell count would seem to eliminate this source of error. It is possible of course that the health of the child population generally has deteriorated since the war, and that the East End children, if examined to-day, would not be so satisfactory. The examination of children evacuated from London to Oxford, and admitted to the Radcliffe Infirmary, did not, however, lend any support to such a hypothesis. In them the proportion of haemoglobin and red cell estimations below the level of normality was distinctly less than in the children who were natives of Oxford. Such a possibility, too, is also rendered unlikely by the findings in recentlv published reports by school medical officers throughout the country which reveal a continuation since the war of the progressive increase in the average height and weight for age of all children which has been apparent now for many years. And when we consider the development of the Oxford children, as indicated by their height for age, there is certainly no evidence of deterioration: indeed, in this respect, they are definitely superior to children of the same social class in other parts of the country.
In Charts 1 and 2 are plotted the heights of the Oxford Hospital group of children for different ages against the standard average of Holt, the average which I found for the child of the wealthier classes in the West of Scotland between 1920 and 1930, the average as found by NMel Paton and myself in the child of the labouring class in Glasgow during the same period, and finally, the average as found in the case of the Glasgow school child during the year 1941. These charts show that the Oxford child compares favourably with the better class child in the West of Scotland and is superior to the child of the same social class in other parts of the country. 70 % of the boys' heights, and 60% of the girls' heights, are above the standard average as given by Holt, and practically all are above the average of the child of the labouring classes in Glasgow and that of the Glasgow school child for 1941.
It is difficult, in the face of these findings, to relate the lower habmoglobin and red cell values found in the Oxford group of children to some nutritional defect, since I know of no more marked difference between different classes of society, and thus presumably between the results of diets of varying excellence, than in the average height for age. If the lower haemoglobin and red cell values in the Oxford children are to be ascribed to a faulty diet, then it must be of such a nature that, while it produces anaemia, growth is promoted. This means, I assume, a diet which is ample in its supply of the essential proximate principles and vitamins but deficient in iron. Now, since it is just those foods that are rich in the essential proximate principles which provide the most abundant supply of iron, such a particular fault would seem unlikely. Nevertheless, the opinion is fairly generally held that the low hacmoglobin values recorded so frequently to-day in members of the less favoured classes of society, particularly among the women and children, are due te just such a dietary error.
To exclude the possibility of such a dietary defect I have administered additional iron in ample amounts over prolonged periods, not only to the anaemic but also to the apparently normal child. As the daily requirements of iron vary from a few milligrams in the young infant to at most 15 mg. in the adult, the dosage I employed was sufficient for this purpose. In the infants this varied between 20 and 60 mg. per day and in the older child between 120 and 400 mg. per day.
I have found it impossible to influence the fall in the haemoglobin content and red cell count during the early months of infancy, nor did I find that the rise in these values during later infancy was any more satisfactory in those infants who had been receiving iron from soon after birth in doses varving between 20 and 60 mg. per day than in those babies who did not receive additional iron. Charts 3 and 4 show my findings in two small groups of infants studied in London and Oxford, and they reveal no noticeable effect of the treatment in either of the two groups. In the case of the older child with a normal hacmoglobin value, i.e. between 70 and 80% by Haldane's standard, there occurred little change in its level during the continuous administration of iron in doses varying between 120 and 400 mg. per day, over a period of months which extended in some cases to as much as one year. In some of the children there was absolutely no variation in . . the haemoglobin level, but in others, and especially in those who were receiving the largest amounts, there was a slight but only very temporary rise (Chart 5). the presentation of the drug, a rapid and satisfactory rise from a hemoglobin level of 50 to 60% to one of 90% or higher during the course of a few weeks. I found, however, as has been pointed out recently by , that the maximum level reached within a few weeks was not sustained but that after a time it fell to a varying and more moderate level at which it remained even although the same dosage was continued. Hence it wbuld seem unjustifiable to conclude, as some workers have done, that the highest level to which the hmemoglobin can be raised by artificial means is presumably the optimum. If this were the case, the higher level would surely be maintainied. The optimum level of the hamoglobin and number of red cells would seem to vary with the individual, and to be dependent on factors other than the iron content of the diet. The slight initial and evanescent rise in the haemoglobin seen occasionally in the normal individual is more probably to be explained by the iron exerting a stimuilating or irritating effect buLt to which the haematopoietic system soon becomes accLustomed. And in the cases of anamia the recovery would not seem to be due solely to the supply of the essential constituent of the hxmoglobin, but is also presumably in part the result of the stimulating action of the iron causing a temporary hyper-haematopoiesis. Were it otherwise one would not expect the invariable fall which is seen to occur after the initial rise. In anaemia, however, as is understandable, the reaction to the stimulating effect of the drug is more marked and of longer duration thain in the non-anaemic individual.
An investigation which I carried out on the blood in rickets (1909) may provide an explanation of these variations in the blood. During this study I found that the rachitic child reared in a Glasgow slum tended to have a higher hamoglobin level and red cell count than the absolutely healthy and non-rachitic child of the better classes fed and housed in more salubrious regions on the outskirts of the Citv. As the rachitic child is seldom taken out of doors I was inclined to ascribe the higher blood values which he presented to the fact that he had been spending most of his time in a congested and unhygienic environment. It was in short because he had been living in a rarefied atmosphere that a greater number of oxygen carriers, and a greater amount of the oxygencarrying hxmoglobin, had been called for. We know that this happens under similar circumstances during intra-uterine life and when an individual lives at a great altitude above sea level, or again it may occur when there is some interference with the volume of arterial blood flow. Indeed, these are factors which have such a profound influence on the blood picture that they cannot be lost sight of in any discussion of this ulaestion. Thus may it not be that the causes of the variations in the blood estimations in the various groups of children which I have studied lie in a varying environment rather than in a varving diet? The lower values of the children resident in Oxford than in the children of the East End of London would thus be related to more salubrious surroundings, more fresh air and consequently more available oxygen. And the specially high values of both groups of children (rachitic and noni-rachitic) found in Glasgow some thirtyfive years ago would be explained by the very unsatisfactory conditions which prevailed in a large industrial community at that time. In those days a pall of smoke constantly overhung the city, there was much congestion of the population, almost half of which lived in one-apartment badly ventilated houses. And it cannot be too forcibly emphasized that the above environmental factors and also some metabolic abnormalities, which induce a high haemoglobin value, are not productive of good health, so that it is fallacious to consider the level of the hemoglobin and red cell content of the blood per se as an index of health. CONCLUSIONS (1) The blood picture is not a true reflection of the state of health of the child. A well-developed child has often lower heemoglobin and red cell values than a less well-developed child.
(2) The blood picture is not necessarily an index of the iron content of the diet.
(3) Iron administered considerably in excess of the body's reauirements causes as a rule no change in the hrmoglobin level of the normal child. Occasionally there may ensue immediately after its presentation a very slight, but only transient, rise in the hemoglobin level.
(4) Iron administered in medicinal doses to examples of hypochromic anemia causes a marked rise in the level of hwmoglobin. The maximum rise, however, is not sustained but falls after some weeks to a more moderate and normal level, although the same or even a larger intake of the drug is continued.
(5) Iron in medicinal doses would thus seem to exert a stimulating or irritant effect on the hematopoietic tissues as well as supplving material essential for hemoglobin formation. Otherwise, the highest level produced would be nmaintained. This stimulating effect is more marked in the abnormal than in the normal state.
(6) The maximum level to which the hemoglobin can be raised by the administration of iron cannot be considered the optimum or physiological level, since the highest values induced are not maintained.
(7) The individual optimum level of haemoglobin varies with age and sex. This would seem to be lower in infants than in older children, in children than in adults, and in females than in males. (9) The term nutritional anaemia would seem to be too loosely employed. It is unjustifiable to speak of a low hemoglobin level as presumably arising from a dietary error. Many factors determine the heemoglobin level of an individual, all of which must be considered before the true cause can be assigned.
Dr. H. M. Sinclair: Nutritional anxmia and war-tine diets.-Dr. Helen Mackay has
shown that haemoglobin values are in general lower than before the war, and this she mainly attributes to a dietary deficiency of iron; the women living in the country fared worse than those in London. Professor Findlay, working in the " semi-rural city " of Oxford on native and evacuated children, has concluded that the blood picture is an index neither of the state of health nor necessarily of the amount of iron in the diet.
The Oxford Nutrition Survey has been collecting dietary, biochemical and clinical data on subjects in Oxford and elsewhere in order to assess the nutriture of samples of the population and relate it to the food consumed. Few results are yet available, but our haemoglobin values are similar to those found in other current surveys; we have used the Haldane method upon venous blood from adults and blood from the lobe of the ear in children, and our stan-dards have been checked by Dr. R. G. Macfarlane against the N.P.L. standard (" 100% " is equivalent to 49 7 mg. Fe in 100 ml. blood). The following values have been obtained upon a random sample of certain areas in Oxford, upon students, and upon women attending an antenatal clinic and examined in the last month of pregnancy (Table I) . Haematocrit values have been obtained by the Wintrobe technique upon these adults (Table II) . families with an infant under 2 vears of age, and has obtained the figures shown in Table  III . It will be seen that there is severe anmemia in some of the mothers. The increase in anaemia at the present time might be due to one of at least three dietary deficiencies: available iron, vitamin C, or protein. Ihe main dietary differences that have been caused by rationing are a greater consumption of carbohydrate (particularly bread and potato) and of vegetables, and a smaller consumption of meat, fish, eggs, fruit and milk. In very general terms, a diet containing 12 mg. total iron per diem derives it now from the following sources: bread, potato, and rationed meat (2 mg. from each); unrationed meat, vegetables and other cereals (1 mg. from each); " Points " meat and offals (1 mg.); milk, eggs, fish and cheese (1 mg.); flour (0.5 mg.); other foods (0 5 mg.). Almost all the iron in potatoes is available, but only to ¼ of that in meat. As regards bread, the work of Widdowson and McCance (1942) has brought out some very interesting points: although brown bread contains two and a half times the amount of iron found in white, the former is a poor source of iron because very little is absorbed owing to phytic acid in brown bread making the iron unabsorbable; therefore the adoption of national wheatmeal bread has increased the liability to iron-deficiency anaemia. Despite the increased consumption of potatoes and vegetables, this alteration in the bread together with the diminished consumption of meat, fish, eggs and fruit probably means that diets now contain less available iron than they did before the war.
Of the other two dietary factors, there is no doubt that the intake of vitamin C is mtuch lower now than before the war, since the increased consumption of potatoes and vegetables is certainly not sufficient to redeem the shortage of fruit; and very low values for vitamin C it. plasma are now found. To a less extent the same obtains with protein, particularly with animal protein, and low values for plasma protein are frequently found. There is, however, no evidence that deficiency of protein is an important cause of anaemia at the present time, except possibly in the macrocytic anaemia of pregnancy, mild cases of which have been attributed to this cause by Bethel.
The therapeutic response to iron obtained by Dr. Helen Mlackav and others suggests that deficiency of this is the main factor involved; but Professor Findlay, like , has cast doubt upon this interpretation. A preliminary analysis of dietary and biochemical results on 22 families examined by the Oxford Nutrition Survey in The summer of 1941 and again in the spring of 1942 indicates that the iron and vitamin C intakes increased considerably while the protein intake remained constant; the haemoglobDn values fell slightly, the plasma protein values did not change, and the plasma and whitecell vitamin C values remained very low. The increase in the dietary iron is probably largely due to the introduction of national wheatmeal flour in the interval between the two examinations, and as this is in fact a poor source of dietary iron the possibility remains that the slight fall in haemoglobin values may be due to iron deficiency.
If we admit that during the war and particularly in women and children anaemia has increased, is increasing and ought to be diminished, it is reasonable to discuss the possible methods of doing this. The first simple way in which iron deficiency may be overcome is by the use of iron instead of aluminium cooking pots. A potato boiled for twenty ininutes in an iron vessel contains about twice as much iron (about 3 mg. in a helping) as one cooked in an altuminium vessel; the difference with apples boiled for only five minutes is even more striking, since a helping from an aluminium vessel contains only 0-2 mg. but from an iron vessel nearly 100 times as much. The second obvious possibility is ferrated bread, and for this there is a precedent in the enriched bread of the U.S.A.; and iron salts, like calcium salts, could be added to overcome the larger amount of phytic acid that is found in brown bread. There are two possible objections: first, the prejudice against tampering with the " staff of life "-the gibe of fer;.oconcrete will appear in uninformed circles; secondly, the possibility of producing toxic effects by an excess of iron. This latter point does not arise for two reasons. In Kaschin-Beck's disease enormous amounts of iron are ingested, but the only toxic manifestations were shown by Hiyeda to be due to " iron rickets ", since excessive dietary iron tends to diminish the absorption of phosphorus. The second reason is that the recent work of Whipple (Balfour et al., 1942) has shown that iron is only absorbed from the gut when the body stores are low, and that the body protects itself against excess.
Scant attention is paid to iron deficiency because the symptoms are slight and vague. If such slight deficiency is widespread amongst women and children immediate steps should be taken to remedy it, and the enrichment of bread with iron salts is the obvious war-time solution.
Dr. R. H. Dobbs: Azrtxia in young women.-In the absence of Dr. Lucy Wills, there are two aspects of the present discussion to which I would like to refer. In the first plaee, regarding the nature of the anamia that is prevalent amongst young women, haemoglobin estimations were made on two similar groups of nurses and medical students. One group were students and nurses at a teaching hospital in London, and the other the students and nurses at the hospital's E.M.S. base hospital in the country, where they had been for two months or more. The mean Hb. value of the town group was 90-6% and of the country group 84-1% (Mackay, Wills, Dobbs and Bingham, Lancet, 1942 (ii), 32) . The living conditions and the diets of the two groups were investigated and it was concluded that there was little material difference in the conditions of life in the two hospitals, but that there were certain striking differences in the diets of the two groups. Table I shows the mean haemoglobin level, the total daily Calorie, total protein and animal protein and daily iron intake of the two groups. It will be seen that in the country group, in which the mean Hb. level is lower, there is a smaller total and animal protein intake than in the London group. Moreover, the daily iron intake, though low in both groups, is not significantly different. In addition, the total daily Calorie intake is low in both groups and lower in the country than in the town group. 2)12 mg.
It is perhaps a little difficult to evaluLate the precise significance of these facts. That the anxmia was in fact primarilv an iron deficiency state is indicated by the rise in the Hb.
values obtained with the uLse of iron medicationin a few cases. The precise details of the investigation and of the dietary analysis will be published shortly in the Journal of Hygienze, and the figures regarding Calorie and protein intake are thought accurately to reflect the state of affairs in the two hospitals. They suggest that though primarily an iron deficiency state, the anaemia mav, in some way, have been conditioned by the low total and low daily protein intake.
The second question to which I wish to refer is that of obtaining accurate haemoglobin readings. We originally started with three h<-emoglobinometers of the Haldane pattern. One, originally made some years ago, had at one time been checked against Price-Jones' own standard and had been since restandardized more than once. The other two were made by a reputable firm, and had been standardized before delivery to uIS. They agreed within the limits of personal error with the first standard. Each of three observers kept a standard for his or her own1 use. Within three months obvious discrepancies in results became apparent, and it was found that the two recently acquired standards now appeared to be paler than the first, with the consequence that readings were, in one case 80,', in the other 70/ higher. Restandardization of the first standard showed that it had renlained accurate.
A similar error, leading to hcemoglobiin estimations inaccurate by as much as 13% was introduced when some readings were taken with a Sahli apparatus the glass of which had, in this case, darkened during two years of use in a hospital pathological department.
A second, and more important source of error is that due to local changes in h,moglobin and red cell concentration at the site of the prick. Dr. Mackay has already allulded to the differences that may be found between blood drawn from the ear and from the finger or foot of small children. The importance of obtaining freely flowing blood from a warm limb cannot be overestimated. Many of our estimations were made during the coldest winter months on children attending class in schools, anid we had, at times, the utmost difficulty in obtaining consistent results even when each child was made to warm the whole limb in hot water. The errors introduced bv using cvanosed blood or blood which had perforce to be expressed were frequently in the region of 10°', and even 1500/J and 20% fluctuations were obtained on the same child on the same dav. Table II shows some estimations done on a group of children on a moderatelv warm September day when hot water was not available, compared with estimations done a few days later when the limbs had been previously warmed to redness by immersion. It also shows the hamoglobin figures obtained from the limbs of a healthy infant who normally had rather congested, cyanosed extremities. Onc limb was exposed for ten minutes to the ward temperatture and the other immersed in water at a temperature of 100°F. The existence of the subcapillarv plexuLs of blood-vessels is well recognized anld that they can act as blood depots is also probable. It has also been shown not only that when the skin is cold blood may stagnate in these depots for as long as thirty minutes or more but that stasis leads to considerable local hcemoconcentration. It is easy to understand therefore how cold extremities, and particularlv the exertion of pressuire to obtain bloodl from them may give rise to nmisleading results. Professor L. S. P. Davidson: Nuttritionial iron defcienicy anxnmia in war-time.
Nutritional deficiencies in a population can be assessed in various ways; the estimation of iron deficiency being one method. The advantage of this method is that iron deficiency can be accurately determined bv estimation of hemoglobin concentrations. If such an investigationi is made on representative samples of the population in war-time, the results can then be compared with similar figures obtained in peace-time and in this way the effect of war conditions on national health can be demonstrated. Such an investigation is at present being carried out in Edinburgh on infants, school children, and women of childbearing age, both pregnant and non-pregnant. The survey covers a representative cross-section of Edinburgh working-class population within these groups.
Method. The Haldane haemoglobinometer (13-8 g./100 c.c. equalling 100%) was used throughout the investigation. All apparatus used was checked against a standard set. This paper will deal only with infants and school children; a second communication will be devoted to the haemoglobin levels in women.
Inzfants and preschool childreni .-This group comprised 442 indixiduals; 318 being from birth to 23 months, and 124 from 2 to 4 years. None of them had received any iron therapy. A few children who were all between the ages of 9 months and 4 years had been given 25 mg. of vitamin C daily. Table I shows the grades of anaemia in infants (2 to 23 months) examined in Edinburgh, 1942, and in Aberdeen, 1935 (Davidson and Fullerton) . It will be noted that the incidence of severe anaemia (less than 61 % hxmoglobin) in infants of 9-23 months in the 1935 Aberdeen series is three times as great as in the 1942
Edinburgh series, but the percentage of moderately anaemic infants (61-70% haemoglobin) has risen by 10% in Edinburgh as compared with the Aberdeen figuLre. It will be noted that 83% of the Edinburgh infants and 87 % of the Aberdeen infants between 9 and 23 months have a haemoglobin level of less than 800%.
Children of preschool age (2-5 years). A comparison of the halmoglobin levels of pleschool children in Edinburgh in 1942 and in Aberdeen in 1935 showed that any advantage which the Edinburgh series had over the Aberdeen series in infancy was lost during the preschool period. Thus on entering school at 5 years the Edinburgh children had an average hxemoglobin of 81 % compared with an average figure of 87 %, for the Aberdeen series.
School childrenz (5-12 years) . The series examined in Edinburgh in 1942 consisted of 389 children attending two primary schools and 134 children attending a secondary, feepaying school. The average hamoglobin level for each of the classes was approximately 80o%, and of these children 53O/ had less than 810% haemoglobin. Table II shows the grades of anaemia in 389 Edinburgh primary school children, while Table III (see p. 16) shows a comparison of the haemoglobin levels in school children in Edinburgh, 1942 , London, 1942 , and Aberdeen, 1935 . In Edinburgh, 1942 , and London, 1942 , the hamoglobin level throughout this age-period is considerably lower than in Aberdeen, 1935, the average difference for all ages being approximately 10%. In spite of this the children did not show obvious signs of malnutrition and in fact the anaemia would not have been revealed unless haemoglobin estimations had been carried out. This increase in the incidence of anaemia is all the more striking when it is realized that the family income of the Edinburgb grouip, 1942, was on the average at least twice as large as in the Aberdeen group, 1935. Davidson, 1935 67 0 100
It will be appreciated that in peace-time, economic status is the chief factor influencing the nutrition of individuals; in war-time, on the contrary, "rationing " and the difficulty in obtaining some unrationed foods constitute the chief limitations which, broadly speaking, are operative irrespective of income. This is probably the explanation of the higher incidence of anaemia noted by us during the present year in spite of the high figures for farpily income recorded.
Dr. John Yudkin (Cambridge): I have recently examined 300 mothers and children in Scotland and I also found a decrease in haemoglobin compared with published figures, although this was not as great as that found by Prof. Davidson. Dr. Sinclair found that there appeared to be a fall in haemoglobin in 1942 compared with 1941, but in the 400 factory workers whom I examined in 1941 and again in this year there was a slight rise of haemoglobin. The suggestion of Dr. Sinclair that vitamin C deficiency might play a part in the increase of anamia during the war is an interesting one, although Dr. Glazebrook and his ca-workers have shown that the addition of this vitamin to the diet of naval ratings deficient in it did not produce anv change in haemoglobin.
There are many points on which workers are still not agreed-the best methods of obtaining samples of blood, technique of estimating haemoglobin, whether or not there is a real increase in anaemia and if so what is its cause and what methods should be advocated for dealing with the situation. The many workers in this field should not continue their investigations in comparative isolation but should keep in close touch and compare results. Had a Nutrition Council been in existence one of its functions would certainly have been to form an " Anaemia " Committee to discuss the problems raised to-day, and to decide on the best methods of solving them. But even without a Nutrition Council the formation of such a committee would be of considerable value.
Dr. T. S. Marshall: Summary.-I am at present engaged on estimating the hzemoglobin level in blood donors. None of the donors upon whom I have made the estimation had donated blood before, and they all considered themselves to be in perfect health. In each case, a history of past and present illnesses was taken, with special reference to anemia. A menstrual and obstetric history was taken in females (I consider this to be a very important point). My results are as follows:
100 males with a mean haemoglobin of 100%. 65 women (after the reproductive period of life) with a mean haemoglobin of 84%. 220 women (in the reproductive period of life) with a mean haemoglobin of 82%. All estimations were made on capillary samples taken from the middle finger of a warmed hand, after the subject had been in a recumbent position for twenty minutes.
[This latter point I think plays an important part, because donors arriving after bicycling or hurrying, showed a difference of 12-18% in their haemoglobin level taken immediately on arrival, and after twenty minutes recumbency. This is a possible explanation of the high figure recorded by Dr. Mackay in her factory workers.] The hzemoglobinometer used was Haldane-Gowers, standardized at the National 'Physical Laboratories recently.
